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INTRODUCTION  conditions  provides  a better  basis for the selection  of
organizational  and financial strategies.
This  paper  discusses  the  application  of  the Economic  analyses  of firm behavior  are typically
b JE  onomic  analysess  of  r  .o .r  paired-comparison  technique  to  determine  the based  on  the  assumption  of  maximization  or
..  . While.  economists..  ranking  of  eight  economically-oriented  goals  by  a minimization  of  a  single  goal.  While  economists group  of  randomly  sampled  farmers.  Some  of  the recognize  that  multiple goals are  important in making
i..  J~~..  .^~  ~  .^~  - i.personal  and  firm characteristics  affecting the ranking business  decisions  [1,  41,  a  single  goal, such as profit  . are  identified  in  the  analysis  and  a  means  of maximization,  is used because  it is  operational and it
provides  an  analytical  approximation  of  firm  predicting  the  hierarchy  as a function of these factors provides  an  analytical  approximation  of  firm
behavior.  However,  the  reduction  of  year-to-year  is discussed.
income  variability,  providing  an  acceptable  family  THEPAIRED-OMPARISONTECINIQUE
living  level,  increasing  net  worth,  additional  leisure
time,  and  many  other  goals  have  been  suggested  as  Several  methods  of  estimating  attitudinal
being  important  to  some  farm  firms  [18].  Some  preferences  have  been  advanced.  Two  of  the  most
analyses  have  considered  two  or  more  of these  goals  popular  and  frequently  used  are  the  Guttman  scale
by maximizing  one subject to a constraint on another  and  Kendall's  rank  correlation  methods  [9,  11].  The
[7,  13].  In  other  cases,  a  utility  function  has  been  work  of  L.  L.  Thurstone  in  1927  which  resulted  in
estimated  for an individual farmer  incorporating both  the  law of comparative judgment [19]  provided the
expected  income  and  variability  of  income  [17].  impetus for a  number  of analytical  techniques which
Although  these  efforts  have  been  useful,  progress  are  collectively  referred  to  as  the  Method  of Paired
towards  incorporating  multiple  goals  into  empirical  Comparisons  [2, 6].
models  has  been  inhibited  by  the  inability  to  Bostwick,  et  al.,  conducted  a comparative  study
correctly specify important  goals  and the difficulty of  of the Guttman  scale,  Kendall's rank correlation,  and
incorporating  several  goals  into  frequently-used  the  paired-comparison  technique  in  evaluating  the
models.  The  recent  development  of  simulation  attitudes  of  farmers  and  bankers  with  regard  to
routines  for farm  firm analyses provides  an analytical  essential  borrower  characteristics  and  attitudes
procedure  that  is sufficiently  flexible  to incorporate  toward  borrowing  [3].  The  paired-comparison
multiple  goals  [8,  18].  While  it  may  be difficult  to  technique  was  found  to  be  superior  because  it
provide  all  of  the  information  that  is  needed  provided  both  an  ordinal  scale  of attitudes  and  an
concerning  goals  and  their  use  in  decision  making,  estimate  of  each  attitude's  numerical  position  on  a
additional  information  indicating the ranking of goals  scale.  Krenz  [12]  also  found  the technique  suitable
and  the  manner  in  which  this  hierarchy  differs  for  for  identifying  reasons  for  seeding  cropland  to  grass
farmers  under alternative  economic and noneconomic  in North Dakota.
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215The  paired-comparison  model is used  to develop  1.  Lack of normality,
an  ordinal  scale  of farm  operators'  goals  and  provide  2.  Lack  of  additivity  among  the  scale
an  estimate  of each goal's numerical  position on the  separations,  and
scale  in  this  study. ' The  model  applied  is  that  3.  Failure  of the  n  populations  to  have  equal
formulated  by Mosteller  [14,  15,  16].  It  has  five  standard deviations.
major assumptions:  He  further  points  out  that  the  lack  of normality  is
not  critical  to  the  method  of  paired-comparisons
since  this  assumption  "is  more  in  the  nature  of  a
1.  The  n  items  (goals)  produce  reactions 1.  The  n  items  (goals)  produce  reactions  computational  device  than  anything  else."  Thus the
(sensations)  whose  intensities  may  be latter two are of primary importance.
located on  a single subjective continuum.
2.  The distribution of intensities of reactions to
each  item  (goal)  for  a  population  of  GOAL SELECTION AND  SURVEY
individuals is normal.
individuals3.  ish  normal.  Eight goals,  obtained  from previous  research and 3.  The  n  normal  distributions  have  equal
tandard deviations  wh p  bly deren  consultation  with farmers  and extension  specialists in standard  deviations  with  possibly  different
the  study  area,  were  included  in  the  analysis.  They means.
are: 4.  The  correlations  between  the  intensity  of 1.  Control more  acreage  by renting or  buying; reaction  to one  item (goal) and  the intensity  A  b  2.  Avoid being forced out of business; of reaction  to  a  second item (goal) are equal of reaction  to  a  second item. (goal  are  equal  3.  Maintain  or improve the family's standard of for all pairs of items. living;
5.  Each  of  the  R  randomly  selected  living; 4.  Avoid years of low profits or losses; respondents  states  a preference  of one item  5.  Increase  time  off  fromfarming  (leisure 5.  Increase  time  off  from  farming  (leisure (goal)  over  the  other  for  each  of  the
time); n(n-1)/2  pairs of items (with no indecisions  6  6.  Increase  net  worth  from  farm  or  off-farm
allowed)  . allowed).  investments;
Each  of  the  assumptions  is  self-explanatory  except  7.  Reduce borrowing needs; and
for the first. It indicates that the respondent is able to  8.  Make  the  most  profit  each  year  (net  above
locate  the  intensity  of  his  reactions  to  each  of the  farm costs).
goals  on  a  single  mental  scale  which  is  so  finely  These  eight  goals  were  selected  because  they'  are
calibrated  that  the intensities  of no two goals occupy  primarily  economic  in  nature  and  can be quantified
the  same  location.  This  assumption  is  critical  to the  for use in firm growth studies.
conditions  of unidimensionality and additivity which  A  personal  interview  survey  of  149  ramdonly
are embedded  within  all of  the assumptions.  That is,  selected  farms  was  conducted  in  a 21ounty  area
if Dij  is the distance in magnitude  and direction  from  which included parts of northern Texas, northwestern
item 1 to item j  along a subjective  scale and  D-  is the item  to itemj  alonga subjective  scale and  Dkisthe  Oklahoma,  southwestern  Kansas,  and  southeastern
distance  from  item j  to item  k along  the same  scale,  Colorado. Complete information  concerning farm and
then the distance, Di,  is total distance from item i to  operator  characteristics  and  consistent  responses  to
item k. ^~~~~~~~item  k.  ~the  28  paired-comparison  statements  were  obtained
Mosteller's  model  allows  use  of  a  chi-square  from 118 operators
goodness-of-fit  test  to  determine  if the  assumptions
have  been  met.  The  null  hypothesis  states  that  the  ANALYSIS  AND  RESULTS
assumptions  have  been  met  and  the
paired-comparison  model  is  valid.  Alternatively,  Group Response  Evaluation
rejection  of  the  null  hypothesis  indicates  the  The  percentage  of respondents  ranking each goal
assumptions  have  not  been  met  and  the  model  is  first  and the percentage  ranking  each goal  last is given
invalidated.2 Mosteller  discusses  three  principal ways  in  table  1.  The  results  indicate  that  two  goals,
that  the  assumptions  of  the  model  may  be violated  "control  more  acres"  and  "increase  leisure  time,"
resulting in the rejection of the null hypothesis:  were  the  last  choices  of  32  and  57 percent of  the
1The method for developing  scales can be found in  [3, 6 or  10].
2The paired-comparison  method  is based  on a random sample of population prior to stratification.  Another method of
testing for  differences  in  ranking of items is based on stratifying prior to sampling. Although the sampling procedure in this  study
does not strictly adhere  to this procedure,  the inability  to obtain statistically significant hierarchies  ultimately requires its use.
216Table  1.  RESPONDENTS  RANKING  SPECIFIC  GOALS  FIRST  AND  LAST  IN  THEIR
RESPECTIVE HIERARCHIES  a
Goal Goal  Respondents  ranking  goal  Respondents ranking  goal
Last  First
(Number)  (Percent)  (Number)  (Percent)
Control more acres  38  32.2  12  10.2
Avoid being forced out of business  9  7.6  21  17.8
Maintain  or increase  family living  3  2.5  32  27.1
Avoid years of low profits or losses  4  3.4  26  22.0
Increase  leisure time  67  56.8  6  5.1
Increase  net worth  5  4.2  16  13.6
Reduce borrowing needs  11  9.3  18  15.3
Make most annual profits  3  2.5  38  32.2
Total  140  118.5  169  143.3
a  Percentages  sum  to  more  than  100  percent  due  to the designation  of equally  preferred  goals by  some  of the  118
respondents.  In  terms of the  most preferred  goals,  respondents  indicated  32  two-way  ties, 8 three-way  ties,  and  1 four-way  tie.
Respondents  indicated  9 two-way  ties, 5, three-way  ties, and  1 four-way  tie for the least preferred goals.
respondents,  respectively.  Each  of the other six goals  the  sample  into  subgroups  in  the  remainder  of  this
were  ranked  last  by  less  than  10  percent  of  the  paper.
respondents.
There  is  less  agreement  on  the  most  preferred  Subgroup Response  Evaluation
goal  than  on  the  least  perferred  goal.  "Making  the  for A  ranking  of the  eight  goals  was developed  for
most  annual  profits,"  "maintaining  or  increasing  each  subgroup.  Having  developed  the  hierarchy  of
family  living,"  and  "avoiding  years  of low  profits  or  each subgroup,  the  first  consideration  was to test  the
losses"  were  each  ranked  first  by 20 to 30 percent  of  null hypothesis  that the paired-comparison  model was
the  respondents.  Each  of  the  other  goals,  with  the  valid.  Only a few of the computed  2 values were  less
exception  of  "increasing  leisure  time,"  was  ranked  than  the  tabular  value  at  the  five  percent  level  of
first  by  10  to  20  percent  of  the  individuals.  Only  significance  [10,  table  11.  Therefore,  the  null
about  five  percent  ranked  "increasing  leisure  time" hypothesis  was  rejected  for all  but a few  subgroups,
first. indicating  that  one  or  more  of  the  previous
Definition  of subgroups  assumptions was not met.
Certain  operator  and  farm  firm  characteristics  An  analysis  of  the  assumptions  indicated  that
were  hypothesized  to  significantly  affect  the  ranking  two  are  critical  to  this  study:  (1)  the  lack  of
of  the  eight  goals.  The  questionnaire  included  additivity  among  scale  separations  in  a  single
information  on  four  personal  charactistics:  age,  dimension  and  (2)the  lack  of  equal  standard
education,' agricultural  experience,  and  the number of  deviations  between  the  goals.  The additivity  of scale
dependents.  Agricultural  experience  was divided  into  separations  implies  the  respondent  can  mentally
four categories:  total  farming experience, dryland  and  determine  a preference  between  two  or  more  goals.
irrigated  cropping  experience,  and  livestock  Implicity,  the  ability  to  scale  goals  depends  upon
production  experience.  In  addition  to  personal  their  appearing  in  only  one  dimension.  That  is, if
characteristics,  the  levels  of assets,  debts,  farm  and  there  is  a  functional  relationship  or  a  degree  of
off-farm  income,  acres  of  cropland  and  total  land,  interdependence  in the  respondent's  mind  such  that
type  of  cattle  enterprises,  and  the  minimum  desired  goal  i  is  a  function  of  goals  j  and  k,  at  least  two
vacation  time  were  recorded  for  each  farm  in  the  dimensions  are  involved.  Edwards  16,  p.  54]  states
sample.  These  factors  provide  a  basis  for  stratifying  "in  practice,  the  test  of significance  is . . . primarily
3The tabular  X 2 value with  21  degrees of freedom  is 32.67.
217sensitive to lack of unidimensionality."  Mosteller  [16,  with  ()  - 1  (m -1)  degrees  of  freedom.  The
p.  208]  indicates  that  "this  additive  property  will  value,  PjkQ  is  the  observed  proportion  of  all
usually  not  hold"  if  unidimensionality  is  absent.  respondents,  Njk£  in  the  th group which preferred
Although  the  authors  counseled  with  experienced  the jth to the kth choice and Pjk.is the proportion of
personnel  and  pretested  the  questionnaire  to choose  respondents  preferring  j to k of the total number  of
goals  both  relevant  to  the  farmer  and  relatively  respondents  in  all groups. The  summation  for i=l,..
independent,  the  efforts  apparently  were  only  (n  refers  to summingover  allcomparative judgments (n) refers  to summing over  all  comparative judgments
partially  successful.  The  high  incidence  of  tests  of  items  (goals).  Table  2  shows  the  selected
rejecting  the validity  of the paired-comparison  model  stratifications,  number  of  subgroups  in  each,  the
indicates  the respondents viewed  one or more  goals as  calculated  X 2 value,the  degrees  of  freedom  and the
a function of other goals.  probability  of a larger  X 2 value  for each of the group
The  second  assumption  of  unequal  standard  characteristics.  These  results  indicate  that  age,
deviations  can  also  lead  to  rejection  of  the  null  educational  level,  years  of  farming  experience,
hypothesis.  Proper  adjustments  in  the  model allow  number of dependents,  off-farm income, and acres  of
for elimination  of the  widely dispersed  (a >  1) items  cropland  are  highly  significant  factors  in  causing
(goals)  in  accordance  with  another  of Thurstone's  hierarchal  differences.  Assets,  net  worth,  farm  size,
models (case III).4  These adjustments are not pursued  and  years  of livestock  production experience  are  less
in  the  analysis  since  there  is  no  guarantee  that  the  significant  but  still  may  be  important  as  causal
same  goals  will  remain  in  the  hierarchy  for  all  factors.
subgroups being compared.
However  it should  be noted  that this procedure Bock  and Jones  [2]  present  a procedure that can  H  i  s  b 
u  t  e  fo  d  b  s  requires  that sample  strata be identified  initially and be  used  to  test  for  differences  between  subgroups
even  though  the  paired-comparison  model  is rejected.  that random  samples be  drawn  within each  stratum. even  though the paired-comparison  model is rejected.
The null  hypothesis  here  is  that  the  response  This  study  is  based  on  a  single  random  sample  that
The . nu.  hypothesis.he  t  rewas  later  stratified.  Because  the  test  is  only used  to
probabilities  for each  pair of choices  are equal for all  stratified  ecause  the 
m  subgroups,  i.e.,  Pjkl  =Pjk2  =Pjkm·  For  our  indicate  factors  that  might  account  for different  goal m  subgroups,  i.e.,  Pjkl  = Pjk2 =Pjkrn  For  our
hierarchies,  it  is  felt  the  bias  introduced  by  the purposes,  this  hypothesis  simply means that  there  is 
no  difference  in  the  ranking  of  the  eight  goals  sampling  procedure  will  not  adversely  affect  the
between  subgroups.  The  test  statistic  has  the  results of this study.
following form:  THE PREDICTIVE EQUATIONS
(2)  m  N  -P  The  final objective  of the analysis is to develop a
Xj  =  km  J  J  JK  means of summarizing the effect of specified  operator
XJIkm  i=  1k.  (-P i= 1  = 1  Pjk. (1  -Pjk.)  and  firm  characteristics  on  the  hierarchy  of  goals.
Table 2.  PROBABILITIES  OF  SIGNIFICANTLY  DIFFERENT  HIERARCHIES  BETWEEN
SUBGROUPS
Number of  Calculated  Degrees of  Probability of a
Group chaeacteeistic  subgroups  x
2




Age  5  181.13  108  0.5
Education  level  3  95.37  54  0.5
Farming  experience  4  128.78  81  0.5
Number of dependents  5  185.99  108  0.5
Debt level  3  55.89  54  50.0
Asset  level  3  67.03  54  10.0
Off-farm income  4  144.24  81  0.5
Acres of land  5  119.55  108  25.0
Acres of cropland  4  142.79  81  0.5
Net worth  level  4  95.09  81  25.0
Livestock experience  4  96.32  81  25.0
Type of cattle operations  3  52.61  54  75.0
Total farm income  5  99.34  108  75.0
Minimum  vacation  desired  3  56.48  54  50.0
ausing  a critical  value of oe = .05,  the  ranking by  subgroups  are judged  to differ significantly when the
probability of a larger X
2
value is less than or equal to 5 percent.
4Refer  to  Edwards  [6]  for  the  computational  procedures  and  Krenz  [12]  for  the  results  of eliminating  widely
dispersed items.
218Regression  equations  are  estimated  to  predict  the  at  the 5-percent  level.
scalar  value  of  each  goal  as  a  function  of  these  The  coefficient  of  multiple  determination,
characteristics.  They  provide  a  basis  for  estimating  standard  error  of  estimate,  equation  F-value,  and
the  goal hierarchy for farmers in the study area which  number  of  significant  variables  are  given  in  table  3.
were  not  included  in  the  sample  and  a  method  to  About  37 to  56 percent  of the variation  is accounted
estimate  changes in  an individual operator's hierarchy  for  by  the  explanatory  variables  in  six  of  the
over  time.  The  latter  is particularly important in  firm  equations.  The  coefficients  of multiple determination
growth analyses.  are  lower  for the goals "reduce  borrowing  needs"  and
An  equation  was developed  for  each of the eight  "avoid being forced out of business."
goals.  Lack of space does not allow delineation of the  The  resulting equations indicate  some knowledge
equations, but  they may  be  found in Appendix  E of  as to which factors significantly  influence the relative
the  publication  entitled  "An  Evaluation  of  Factors  position  of  the  goals  on  the  hierarchy.  In  four  or
Affecting  the  Hierarchy  of Multiple  Goals"[10] .The  more  equations,  the significant  explanatory  variables
respondent's  common  scalar  value  having  a  value  are  age  and  tenure  of  the  operator,  educational
from  0  to  100  was  the  dependent  variable. 5 attainment, number  of dependents,  assets,  net worth,
Previously  mentioned  significant  factors (table  2) and  debt-asset  ratio,  off-farm  income,  total  land  and
others  were  included  as explanatory  variables.  Linear,  cropland  in  the  operation,  total acres owned,  and the
quadratic  and  linear  cross-product  forms  were  proportions  of  land  and  cropland  owned.  Farming
considered  where  the  specific  forms  were  experience  is  highly  correlated  with  age  and,
hypothesized  to  be  relevant.  A  step-down  regression  consequently,  does  not  appear  frequently  in  the
procedure6 -was used to exclude  insignificant variables  equations.
Table  3.  STATISTICS OF REGRESSION  EQUATIONS
Goal  Equation  No.  f  F-value  Std. error  R2
terms
Control more  acres  Yi  18  6.25**  24.75  .561
Avoid being  forced out of business  Y2  6  3.89**  28.60  .189
Maintain  or increase  family  living  Y3  11  5.00**  25.60  .367
Avoid  low profits or losses  Y4  18  3.44**  21.62  .413
Increase  leisure  time  Ys  18  4.22**  23.31  .463
Increase  net worth  Y  18  3.96**  22.17  .447
Reduce borrowing  needs  Y7  7  2.96*  29.90  .173
Make most annual profits  Ys  14  4.24**  22.25  .392
*Significant  at  the 5 percent level.
**Significant  at  the  1 percent level.
LIMITATIONS  OF THE PROCEDURE  basis  to  identify  a  more  complete  set  of  factors
influencing  the  hierarchy.  Second,  stratification  of
Three general limitations of the procedure  should  the observations  into  more  subgroups  for each of the
be  noted.  The  analysis  was based  on a cross-sectional  characteristics  might improve  the  ability to  scale  the
survey,  making  it  impossible  to estimate the effect of  goals.  However,  the  analysis  did  not  indicate  that
external  factors  such  as  the  general  economic  and  definition  of alternative  subgroups would  reduce  the
weather  conditions on the ranking of goals.  Obtaining  variation  in  subgroup  responses  and  result  in
observations  at several points over time may provide a  improved  scaling.  Third,  the  goals  were  prespecified
5The  method  of deriving  common  scalar  values  by  the  paired-comparison  technique  is  given  in  [10,  pp.  3-9].  The
common  values  represent  the hierarchy  of each  respondent's  preferences  on a  subjective scale  from zero to one. For purposes of
regression,  they  were  rescaled  from zero  to 100.
6Otherwise  known  as  the  backward  elimination  procedure  [5,  pp.  167-169].  This  procedure  begins  with  all
independent  variables  in  the  first iteration  and  eliminates  the insignificant  variables until all remaining  variables are significant  at
the  prescribed  level.
219rather than letting the respondent state his own set of  improves.  Strict  compliance  with  the  two
goals.  Self-expression  of  goals  might  reduce  the  assumptions is  crucial to developing acceptable  scales
difficulties  of interdependence  encountered  in  this  for comparing hierarchies.
analysis.  Finally,  the  analysis  only  relates  farm  operator
A  more  important  and,  to  some  extent,  and  farm  firm  characteristics  to  the  hierarchy  of
controllable  limitation  of  the  study  involves  multiple  goals.  It  does  not  indicate  the  procedures
encroachment  of  two  basic  assumptions  of  the  employed  or trade-offs required  when using multiple
Method  of Paired Comparisons:  (1) the additivity of  goals  in  the  decision-making  process.  Further
scale  separations  and  (2)  the  occurrence  of unequal  identification  of the managerial process  might  reveal
standard  deviations.  Future  studies  can minimize this  that only  a  few  goals  are  of primary  importance  in
difficulty  by  developing  goal  statements  which  the  short  run and that  secondary  long-run  objectives
respondents comprehend as being  clearly independent  are  being  simultaneously  pursued  as  time  evolves.
of  each  other.  The  ability  to  predict  changes  in  the  This,  in itself, gives  credence  for additional studies of
hierarchy  should  improve  as  compliance  with  the  farm operators to determine  changes in the hierarchy
basic  assumptions  of  the  paired-comparison  model  of goals over time.
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